■ INTRODUCTION
Since its discovery by Evans et al. in the 1980s, the samarocenes Cp* 2 Sm and Cp* 2 Sm·(THF) 2 have been subject to a large number of reactivity studies (Scheme 1).
1−6 The typically bent sandwich-type complex Cp* 2 Sm has remarkably strong reducing properties allowing even for reduction of the generally inert N 2 to form (Cp* 2 Sm III )(N 2 2− ). 5 Introduction of larger Cp ring substituents like iPr 7 straighten the sandwich molecule, but not much is known on the reactivity of these species. The samarocene with bulky 1,2,4-tBu 3 C 5 ligands was found to be slightly bent (167°), but in contrast to Cp* 2 Sm showed no reductive cleavage of alkyl isocyanides, and instead a simple monoadduct was isolated. 8 Very recently, Trifonov and co-workers introduced the decabenzylsamarocene complex (Bn 5 C 5 ) 2 Sm, 9 a complex that in the solid state is bent (141.8°) and in which two aromatic rings strongly coordinate to Sm. The latter Ph···Sm coordination is favored over metal interaction with polar ligands like THF, DME, TMEDA, or PMe 3 . The complex was in contrast to Cp* 2 Sm hardly reactive toward small molecules like H 2 , SiH 4 , N 2 , or CO or to various unsaturated compounds containing CC or CC bonds. It has been suggested that this inert behavior originates from the rather strong Ph···Sm interactions.
In 2008, we 10 and others 11 introduced metallocene complexes of the lanthanides containing Ar 5 C 5 ligands. Although the ligand Ph 5 C 5 H is readily accessible, the extremely poor solubility of its metallocenes limited synthetic access to these species: the metallocenes of Yb and Sm complexes (the complexes are insoluble in aromatic solvents and dissociate in polar solvents). 12 Whereas Deacon and co-workers circumvented this problem by using a redox-transmetalation/ protolysis (RTP) protocol, we solubilized the complexes by introduction of an alkyl tail in the para-position of each phenyl ring, a ligand we abbreviated as Cp BIG (4-nBu-C 6 H 4 ) 5 C 5 ), but for consistency here describe as Cp Ar-Bu . It is noteworthy that the deca-arylsamarocene complex Cp Ar-Bu 2 Sm has first been prepared by reacting a Sm III precursor with Cp
Ar-Bu H (Scheme 2), a spontaneous reduction that in light of the strongly negative reduction potential (E 1/2 Sm III /Sm II = −1.55 V) 13 is highly remarkable. Extensive investigations of the physical properties of Cp Ar-Bu 2 Sm indeed confirm the +II oxidation state of the metal. 14 It is possible that this unexpected Sm III → Sm II transition may be explained with sterically induced-reduction (SIR). 15 Careful analysis of the metallocene's crystal structure, however, also suggests a significant contribution of secondary Cp Ar-Bu ···Cp Ar-Bu bonding interactions to its unusual stability. Paradoxically, the large Cp Ar-Bu ligands do not repel but attract each other. Each aryl ring in the Cp Ar-Bu ligands is engaged in a C−H···π interaction with the aromatic system of an aryl ring on the neighboring Cp Ar-Bu ligand (Scheme 2). 16 Although such nonclassical C−H···C hydrogen bridges are weak (2−5 kcal/mol), 17 the presence of 10 of such interactions per metallocene can result in substantial stabilization. 18−20 Solutions of Cp Ar-Bu 2 Sm in toluene are stable up to at least 130°C, but its stability toward small and/or reactive molecules has hitherto not been studied. Herein we present comprehensive investigations toward the reactivity of deca-arylsamarocenes and compare our results with chemistry known for Cp* 2 Sm.
■ RESULTS AND DISCUSSION
Synthesis of Bulky Samarocene Complexes. The introduction of nBu substituents in the para-position of the Ph groups had a large impact on the solubility of the metallocenes. Whereas metallocenes containing the Ph 5 C 5 ligand do not dissolve in apolar solvents, the samarocene Cp Ar-Bu 2 Sm is extremely soluble, even in aliphatic solvents like hexane. During the course of our studies we found that this extremely high solubility is also a limitation that hinders, or in some cases even prohibits, product isolation by crystallization. For this reason we decreased the solubility of the metallocene complex by using modified ligands that contain shorter alkyl substituents: (4-Et-C 6 H 4 ) 5 C 5 H, abbreviated as Cp Ar-Et , and (4-iPr-C 6 H 4 ) 5 C 5 H, abbreviated as Cp Ar-iPr . These ligands were prepared starting from Cp 2 ZrCl 2 and 4-R-C 6 H 4 Br (R = Et or iPr) using a modified procedure published by Dyker et al. 21 2 Sm (2) were prepared by heating a solution of (DMAT) 2 Sm·(THF) 2 (DMAT = 2-Me 2 N-α-Me 3 Si-benzyl) and 2.1 equiv of the appropriate cyclopentadienyl ligand in toluene at 100°C for 18 h (Scheme 2, bottom). The products could be crystallized from a cold toluene/pentane mixture and were isolated as dark-red needles in 66% (1) and 59% (2) yield. Sandwich complexes 1 and 2 are thermally very stable. No decomposition of solutions of 1 and 2 in toluene-d 8 Although Sm disorder in the latter structure was treated by refinement with large anisotropic thermal parameters, the structure of complex 1 was refined with a disorder model in which the electron density of the Sm atom is located at two positions slightly away from the inversion center. Like in Cp Ar-Bu 2 Sm, the samarocene 1 has parallel ligands (Sm− Cp center : 2.504(5) and 2.521(5) Å) and a slightly bend Cp c ent er −Sm−Cp c ente r arrangement (166.9(1)°and 168.0(1)°). Like in Cp Ar-Bu 2 Sm, the large Cp Ar-Et ligands attract each other which is apparent from short C−H···C(π) interactions that range from 2.68 to 2.87 Å (average: 2.73 Å; cf. Cp Ar-Bu 2 Sm: 2.67 Å); for comparison, H atoms have been placed at idealized positions with C−H is 1.08 Å. The crystal quality of complex 2 was poor. As its structure is expected to be similar to that of 1, we refrained from further structural characterization. Most reactivity studies have been performed with complex 1. There is no noticeable difference in reactivity between 1 and 2 but in some cases it was easier to obtain crystalline products when using complex 2. Scheme 1. Versatile Reactivity of Deca-Methylsamarocene: Cp* 2 Sm·(THF) n (n = 0, 2) Organometallics Article Attempted Reactions of 1 with N 2 , CO, CO 2 , transStilbene, Styrene, Ethylene and P 4 . Samarocene Cp* 2 Sm slowly reacts already at room temperature with N 2 (Scheme 1). 5 As we found under similar conditions no evidence for a reaction of the herein synthesized samarocenes with N 2 , a steel autoclave with complex 1 was pressurized with 50 bar of N 2 . Solid state samples as well as solutions of 1 in benzene or toluene gave at this pressure and temperatures in the range of 20−50°C no conversion and in all cases the unreacted samarocene 1 was isolated quantitatively. Since the reaction of Cp* 2 Sm with N 2 is reversible, 5 we also studied a solution of 1 22 In strong contrast, reaction of the bulky samarocene complex 1 with up to 4 bar of CO (99.997%) pressure at 110°C for 24 h did not give any conversion and the starting material was quantitatively isolated. As traces of impurities may play a role in the reaction of Cp* 2 Sm·(THF) 2 with CO, 23 it cannot be excluded that the inertness of 1 toward CO may be due to the absence of certain impurities.
Cp 6 Although the isolated yield was high, the crystal structure is of poor quality. A related samarium oxalate with a higher quality X-ray structure was published in 2003. 24 Recent DFT calculations elucidated the reaction mechanism for this oxidative coupling of CO 2 . 25 An example from 2006 shows a Sm(II) porphyrinogen complex which is oxidized to its carbonatebridged bimetallic Sm III complex. 26 In strong contrast, no reaction was observed between a toluene solution of 1 and 4 bar of CO 2 at 110°C for 24 h.
Samarocene complexes have been shown to catalytically isomerize cis-stilbene to trans-stilbene at a rate of 15 h −1 (Cp* 2 Sm·(THF) 2 ) and 840 h −1 (solvent free Cp* 2 Sm).
1a
Reaction of solvent-free Cp* 2 Sm with 0.5 equiv of either cisstilbene or trans-stilbene gave the bimetallic complex (Cp* 2 Sm) 2 (PhCHCHPh); Scheme 1. 1a In strong contrast, reaction of 1 and trans-stilbene at 110°C for 24 h gave no conversion.
Styrene reacts instantaneously with Cp* 2 Sm at room temperature to form the red-maroon Sm(III) complex [(Cp* 2 Sm) 2 (μ:η 2 :η 4 -PhCHCH 2 )]; Scheme 1. 1a Interestingly, addition of THF to this complex gave a spontaneous Sm(III) → Sm(II) reduction and free styrene and Cp* 2 Sm·(THF) 2 could be isolated. A solution of 1 in C 6 D 6 was heated in the presence of styrene to 80°C. NMR spectra showed no change in the intensity of the signals of the complex but styrene olefinic signals disappeared quickly. This conversion of styrene is consistent with the well-known thermally induced styrene polymerization. 27 Complex 1, however, remained unreacted and is inert toward styrene. Cp* 2 Sm reacts with ethylene to polyethylene; Scheme 1. 2 In strong contrast, no reaction between 1 and 1 bar of ethylene at 110°C for 24 h was observed.
The reduction of elemental P to various (multi)cyclic P x y− ions has been extensively studied in the last decades and multiple reviews have been published. 28 Structures with various polyphosphide ions include P 4 2− , P 5 − ions 29, 30 and the P 6 4− unit in M 4 P 6 (M = K, 31 anion; Scheme 1. 35 As dimerization of elemental P 4 to P 8 is enthalpically disfavored, 36 Roesky et al. suggested that the formation of the P 8 4− ion is induced by electron transfer from Sm(II) to P 4 . 35 In strong contrast, reaction of 1 and P 4 at 80°C for 18 h gave no conversion. 
Organometallics
Article Reaction of 1 with aza-Heterocycles. Evans et al. also extensively studied the reactivity of Cp* 2 Sm with polycyclic aromatic hydrocarbons and related aza-heterocycles. 37 They isolated a series of complexes with reduced aromatics that give insight into the reducing properties of Cp* 2 Sm. For example, anthracene and pyrene both reacted fast with Cp* 2 Sm in a 1/2 ratio (aromatic substrate/complex) to form stable complexes in which a reduced aromatic substrate bridges two Cp* 2 Sm-(III) + fragments (Scheme 1). As the second reduction potential of anthracene is E 1/2 = −2.44 V vs NHE, 38 this suggests that Cp* 2 Sm may reduce aromatic substrates with a double reduction potential up to this value. In the case of phenazine, which has a first reduction potential of −0.120 V vs NHE, 39 and a second reduction potential of −0.364 V, 40 the reduced Sm(III) complex (Cp* 2 Sm) 2 (μ:η 3 :η 3 -C 12 H 8 N 2 ) is formed in quantitative yield; Scheme 1. 37 A paper from 2008 reports on the reaction of Cp* 2 Yb(II) with tetra-(2-pyridyl)-substituted phenazine that formed a product in which a doubly reduced phenazine ligand is bridged by two Cp* 2 Yb(III) + fragments. 41 Although Trifonov's (Bn 5 C 5 ) 2 Sm II hardly showed any reactivity with small molecules and unsaturated compounds, in reaction with phenazine the complex [(Bn 5 C 5 ) 2 Sm III ](phenazine), containing a doubly reduced phenazine 2− ion, was isolated. 9 In strong contrast, reaction of 1 and phenazine at 110°C for 24 h did not lead to any reaction and the starting material was obtained quantitatively.
Evans et al. showed in 2012 that both Cp* 2 Sm·(THF) 2 and TMP 2 Sm (TMP = Me 5 C 4 P) reacted fast with pyridine, but gave different products. 42 TMP 2 Sm formed the black Sm(II) pyridine adduct TMP 2 Sm·(py) 2 (py = pyridine). 42 Treatment of Cp* 2 Sm·(THF) 2 in diethyl ether with a slight excess of pyridine gave a red bimetallic complex in which a C−C coupled bipyridinate ligand bridges two Cp 2 *Sm(III) + fragments; Scheme 1. 42 In strong contrast, no reaction between 1 and pyridine at 60°C for 24 h was observed. It is of interest to note that addition of the polar solvent THF to (Ph 5 C 5 ) 2 Yb leads to ligand dissociation and formation of the solvent-
The stability of Cp Ar-Bu 2 Sm in the polar solvent pyridine is likely due to the larger size and lower Lewis acidity (softer nature) of Sm 2+ versus Yb 2+ . As pyrazine (1,4-diazabenzene) has a reduction potential of E 1/2 = −1.57 V vs a mercury electrode, 43 it is easier to reduce than pyridine (E 1/2 = −2.15 V vs a mercury electrode). Hitherto only a few Ln III complexes containing neutral pyrazine liagnds are known, e.g., (Cp 3 Yb) 2 (μ-NC 4 H 4 N). 44 We are not aware of examples of a lanthanide complex with a reduced pyrazine ligand. Despite the substantially lower reduction potential of pyrazine compared to pyridine, reaction of 1 with pyrazine at 80°C for 18 h did not give any conversion.
Reaction 45 The radical anion nature of the ketone ligands is demonstrated by the strongly shifted 1 H NMR signals of the ligands, and by the intense colors of the complexes. 45 Moreover, the carbon oxygen bond lengths in these complexes are significantly longer compared to the unbound neutral ligand. 45 Hou et al. 46 The fact that this fluorenone reduction worked equally well with the much milder reducing agent Cp* 2 Yb(II), 46 motivated us to investigate the reaction of 1 with a series of organic ketones. Remarkably, a solution of 1 in C 6 D 6 and benzophenone did not react even at 100°C. Reactions with the more easily reduced fluorenone and 1,4-benzoquinone did give conversion, but in both cases only extremely thin plate-like crystals unsuitable for X-ray diffraction could be obtained. Reaction of a solution of 1 in benzene at 20°C with cuminil (ArC(O)C(O)Ar, Ar = 4-iPrC 6 H 4 ), a substituted benzil with the highly reactive conjugated OCCO fragment, led to formation of dark-red crystals suitable for X-ray diffraction. The crystal structure shows formation of Cp (3) and is described in detail below (Figure 2 , Scheme 3). Although paramagnetic, the 1 H NMR spectrum of the raw product, the excellent crystalline yield of 83% and a correct elemental analysis of the product suggests formation of only a single species.
Reaction 49 In an attempt to isolate a well-defined Sm(III)-oxo species, we added two equivalents of O 2 to a degassed benzene or toluene solution of 1 at room temperature. This led to an immediate color change from brown-red to blue.
1 H NMR monitoring suggested full conversion within minutes after O 2 addition. However, repeated attempts to isolate any reaction product from this reaction mixture were unsuccessful. In contrast, addition of 1.5 equiv of O 2 to a degassed benzene or toluene solution of 2 in the presence of two equivalents of phenazine gave an instant color change from intense red to deep blue. This color change suggests formation of the radical (Cp Ar-iPr )
• . 50 After ca. 5 min, the reaction mixture was concentrated to dryness and the brick-red solid product was washed with hexane to give an intensely dark-blue hexane solution and a brick-red powder. Cooling the blue hexane solution to −30°C gave intensely red crystals. Single crystal Xray diffraction confirmed the formation of the radical (Cp Ar-iPr )
• , but the structure is highly disordered and only allows for conclusions concerning atom connectivity (see Figure S11 for an EPR spectrum). NMR spectra of the remaining brick-red solid suggest formation of a single, major product which was isolated in ca. 70% yield. Pentane vapor diffusion into a toluene solution of these solids afforded darkred prism-shaped crystals, which were isolated in 25% yield. Xray crystallography and CHN analysis confirm the formation of Ar-Et planes in centrosymmetric complex 1 is exactly 0°, the two Cp Ar-Et rings in 3 form an angle of 31.4(1)°with respect to each other. This leads to slight ring slippage: the Sm−C distances in 3 vary from 2.743(2) Å to 2.866(3) Å (average: 2.803 Å) and the Sm−ring centroid distances measure 2.5245(10) and 2.5299(10) Å. These values are similar to those in 1 (Sm−C: 2.772 Å; Sm−ring centroid 2.527 Å).
10a Given the smaller radius of Sm(III) compared to Sm(II), this might at first sight be unexpected. It is, however, in line with the higher coordination number of the Sm metal center in 3.
The elongation of the C−O bond lengths in the cuminil ligand in 3 indicate single reduction of the ArC(O)C(O)Ar ligand to a radical anion and concomitant oxidation of Sm(II) to Sm(III). For a comparison of bond lengths, the crystal structure of neutral cuminil ligand has been determined (Figure 2c ). The majority of the bond distances in neutral Crystal Structure of 4. Complex 4 crystallized as dark-red needles in the triclinic space group P1̅ with two independent, but essentially similar, molecules in the asymmetric unit ( Figure 3) . In both independent bimetallic complexes there is a center of inversion located between the two samarium atoms. The Sm−ring centroid distances of 2.5142 (19) This comprehensive reactivity study on deca-arylsamarocenes demonstrates an extraordinary paucity of redox reactivity. Their inert behavior toward a large series of reactants strongly contrasts with the high reactivity of 
Article Cp* 2 Sm. Although this may be explained by obvious differences in steric hindrance between Cp* 2 Sm and decaarylsamarocenes, there may be an electronic component as well. The Me substituents in Cp* are electron releasing and stabilize metals with a higher oxidation state, whereas aryl substituents in Cp Ar-Et can stabilize the negative charge on the cyclopentadienyl ligand by the mesomeric effect. The latter makes penta-arylcyclopentadienyl ligands poor electron donors and disfavor oxidation. There certainly is also an obvious steric argument. Whereas Cp* 2 Sm has a bent structure, rendering the metal center easily accessible, the metal center in linear deca-arylsamarocenes is highly shielded by the ten phenyl groups that due to attractive interactions with each other are even bend toward the metal center. This increases steric shielding and effectively prevents metal-substrate interactions. The high stability of deca-arylmetallocenes may be exploited in applications where high metallocene stability and low chemical reactivity is desired.
■ EXPERIMENTAL SECTION
General Considerations. All experiments were carried out in dry glassware under Ar using standard Schlenk-techniques (or in the inert Ar atmosphere of a glovebox) and freshly dried and degassed solvents (all solvents were dried over a column). Following reagents were obtained commercially: palladium(II) acetate (ABCR, 98%), tri-tertbutyl phospine (ABCR, 98%), n-butyllithium (2.5 M in hexanes), 1,2-diiodoethane (Sigma-Aldrich, 99%), samarium (Smart Elements, 99.99%), zirconocene dichloride (ABCR, 99%), oxygen (Linde, 5.0), carbon dioxide (Linde, 5.0), nitrogen (Linde, 5.0) and carbon monoxide (Praxair, 4.7) were used as received. H 2 (AGA, 99.9%) was passed over a column of LiAlH 4 prior to use. 1-Bromo-4-ethylbenzene (Apollo Scientific) and 1-bromo-4-isopropylbenzene (Matrix Scientific, 95%) were dried over CaH 2 and filtered prior to use. Phenazine (≥99%, Apollo Scientific) was dried as a solution in CH 2 Cl 2 over CaH 2 , filtered and concentrated to dryness prior to use. Cesium carbonate (Acros, 99.9%) was dried under high vacuum at 150°C for 8 h prior to use. White phosphorus was freshly sublimed prior to use and stored in a glovebox under argon atmosphere. (DMAT) 2 Sm-(THF) 2 59 and 1,2-bis(4-isopropylphenyl)ethane-1,2-dione (cuminil) 60 were synthesized according to previously published procedures. NMR spectra were recorded on Varian Mercury 400, Varian Inova 500 or Bruker Advance 400 spectrometers. Elemental analysis was performed with an Hekatech Eurovector EA3000 analyzer or at the microanalysis lab Kolbe (Mulheim an der Ruhr, Germany). Crystal structures have been measured on a Bruker D8 Venture diffractometer with a Mo sealed tube X-ray source and a Photon100 CCD detector or an Agilent Supernova with a Mo microfocus source and Atlas S2 detector. Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. 1838409 (1), 1838410 (3), 1838411 (4), 1838412 (cuminil). Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax: (+44)1223− 336−033; E-mail: deposit@ccdc.cam.ac.uk).
Synthesis of (4-EtC 6 H 4 ) 5 C 5 H; Cp
Ar-Et H. Cs 2 CO 3 (91 g; 0.28 mol), DMF (ca. 400 mL), 1-bromo-4-ethylbenzene (54.1 g; 0.292 mol) and Cp 2 ZrCl 2 (6.74 g; 0.0231 mol) were added to a large Schlenk flask. The solvent was degassed and tBu 3 P (4.2 g; 21 mmol) dissolved in DMF (3 mL) and solid Pd(OAc) 2 (1.30 g; 5.79 mmol) were added to the reaction mixture. The Schlenk flask was immersed in a preheated (130°C) oil bath and kept at this temperature for 2 days. After cooling to ambient temperatures, Et 2 O (200 mL) and para-toluenesulfonic acid monohydrate (102 g; 0.586 mol) were added and the reaction mixture was stirred for 30 min and subsequently filtered over silica. The product was further extracted from deposits on the filter by extractions with several portions of Et 2 O (total: 800 mL) until the extracts were nearly colorless. The filtrate and washings were combined and concentrated to dryness under reduced pressure by stripping with several portions of toluene (ca. 100 mL) in order to remove most of the DMF. Subsequently, Et 2 O (ca. 500 mL) was added and the solution was washed carefully with a saturated NaHCO 3 solution (ca. 150 mL) three times. The organic layer was washed with brine (ca. 2 × 100 mL), dried on Na 2 SO 4 and concentrated to dryness to isolate the crude product as a black tar. This black tar was further purified by filtration over silica in a Soxhlet apparatus using a pentane/diethyl ether (96/4) mixture. All volatiles from the filtrate were removed in vacuo to yield a yellowish sticky solid. The solid was washed with pentane several times to yield the product as an off-white powder (20 H. Cs 2 CO 3 (51 g; 0.16 mol), DMF (ca. 250 mL), 1-bromo-4-isopropylbenzene (29.9 g; 0.150 mol) and Cp 2 ZrCl 2 (3.67 g; 0.0126 mol) were added to a large Schlenk flask. The solvent was degassed and t-Bu 3 P (2.30 g; 11 mmol) dissolved in DMF (3 mL) and solid Pd(OAc) 2 (700 mg; 3.12 mmol) were added. The Schlenk was immersed in a preheated (130°C ) oil bath and kept at that temperature for 2 days. After cooling to ambient temperature, Et 2 O (ca. 200 mL) and para-toluenesulfonic acid monohydrate (55 g; 0.32 mol) were added. After stirring for 30 min, the reaction mixture was filtered over silica with additional portions of Et 2 O (50 mL) until the washings were nearly colorless. The filtrate and washings were combined and concentrated to dryness under reduced pressure by stripping with several portions of toluene (ca. 100 mL). Subsequently, Et 2 O (ca. 500 mL) was added and the solution was washed carefully with a saturated NaHCO 3 solution (100 mL) three times. The organic layer was dried with brine (2 × 100 mL), dried on Na 2 SO 4 and concentrated to dryness to isolate the crude product as a black tar. This black tar was further purified by filtration over silica in a Soxhlet apparatus using a pentane/diethyl ether (98/2) mixture. All volatiles from the filtrate were removed in vacuo to yield a yellowish sticky solid. The solid was washed with pentane several times to yield the product as an off-white powder 2 (1.34 g; 1.89 mmol) in toluene (8 mL). The reaction mixture was stirred for 24 h at 75°C and slowly cooled to ambient temperatures. Next, pentane (10 mL) was layered on top of the toluene solution. Diffusion of the hexane into the toluene gave dark-red crystals. The crystals were filtered, washed with pentane and dried in vacuo to obtain the desired product in good yield (1.62 g; 1.11 mmol; 59%). (4) . A solution of 2 (179 mg, 0.122 mmol) and phenazine (38 mg, 0.21 mmol) in toluene (ca. 1 mL) was exposed to a vacuum at room temperature for ca. 30 s at room temperature. Subsequently, 18 mL of 0.25 bar (0.19 mmol) O 2 was admitted using a calibrated gas bulb. The reaction mixture was stirred at room temperature for 5 min and all volatiles were removed in vacuo. The resulting dark blue sticky solid was washed with pentane (ca. 3 mL in portions) to remove the Cp Ar-Et5• radical and a brick-red solid was obtained. Recrystallization from toluene/pentane at −20°C afforded the title compound as darkred crystals (31 mg; 0.015 mmol; 25%). 
